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Estimates of Freshwater Storage and Potential Natural 
Recharge for Principal Aquifers in Kansas

By Cristi V. Hansen

ABSTRACT

The principal aquifers in Kansas are (1) 
alluvial aquifers, (2) glacial-drift aquifers, (3) the 
High Plains aquifer, (4) the Great Plains aquifer 
system, and (5) the Ozark aquifer. Freshwater 
(having a dissolved-solids concentration less 
than 1,000 milligrams per liter) in storage in all 
these aquifers is estimated to be 590,000,000 
acre-feet; the potential natural recharge is 
estimated to be 3,990,000 acre-feet per year. 
Freshwater storage is estimated to be 12,700,000 
acre-feet for alluvial aquifers; 12,400,000 acre- 
feet for glacial-drift aquifers; 267,000,000 acre- 
feet for the High Plains aquifer; 271,000,000 
acre-feet for the Great Plains aquifer system; 
and 26,100,000 acre-feet for the Ozark aquifer. 
Potential natural recharge is estimated to be 
1,470,000 acre- feet per year to alluvial aquifers; 
663,000 acre-feet per year to glacial-drift 
aquifers; 1,530,000 acre-feet per year to the 
High Plains aquifer; and 323,000 acre-feet per 
year to the Great Plains aquifer system. There is 
no direct natural recharge to the Ozark aquifer.

Estimates of freshwater storage in the 
alluvial, glacial-drift, and High Plains aquifers 
are similar to those made by previous 
investigators; estimates of freshwater storage in 
the Great Plains aquifer system and Ozark 
aquifer were several times larger, probably due 
to differences in estimating saturated thickness. 
Estimates made during this study of potential 
natural recharge are similar to those made by 
previous investigators, except in western Kansas, 
where greater rates of recharge are estimated.

INTRODUCTION 

Background

Ground water supplies 85 percent of the

water needs of Kansas (Bevans and others, 
1985), and the demand is increasing. In order to 
effectively and efficiently manage the State's 
ground-water resources, information is needed 
on the quantity of freshwater in storage and the 
quantity of potential natural recharge to these 
aquifers. Estimates of saturated thickness, 
specific yield, water in storage, and recharge 
previously have been made in parts of Kansas for 
several aquifers but not for all the aquifers 
statewide.

Purpose and Scope

The purpose of this report is to estimate 
freshwater storage and potential natural 
recharge for the principal aquifers in Kansas. 
Available information on saturated thickness, 
specific yield, water in storage, and recharge for 
the principal aquifers in Kansas were 
consolidated and updated. Where no information 
was previously available, new estimates were 
made. This report is based on a July 1985 to July 
1986 investigation conducted by the U.S. 
Geological Survey in cooperation with the 
Kansas Water Office.

Acknowledgments
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information related to the saturated thickness of 
glacial deposits in northeastern Kansas. Special 
appreciation is extended to Jack T. Dugan of the 
U.S. Geological Survey for his help with that 
part of the study and report dealing with 
potential natural recharge.
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CHARACTERISTICS OF 
PRINCIPAL AQUIFERS

The principal aquifers in Kansas can be 
divided into two groups. The first group is made 
up of aquifers in relatively young, 
unconsolidated deposits that usually occur under 
unconfined conditions. This group includes 
aquifers in alluvial and glacial-drift deposits and 
the High Plains aquifer (table 1). The aquifers in 
unconsolidated deposits are the most extensively 
used in the State because they are at shallower 
depths, tend to have better quality water, and 
generally have larger yields. The second group 
consists of aquifers in older, consolidated rocks 
that usually occur under confined conditions. 
The Great Plains aquifer system and the Ozark 
aquifer are in this group (table 1). The Great 
Plains aquifer system and the Ozark aquifer are 
not used extensively because better quality 
water usually can be found in shallower, 
unconsolidated deposits, but these aquifers may 
be used more in the future.

Aquifers in Unconsolidated Deposits 

Alluvial Aquifers

Alluvial aquifers consist of unconsolidated 
sand, gravel, silt, and clay of Quaternary age. 
These deposits are present in most stream 
valleys (plate 1). They are especially important 
in eastern Kansas where other major aquifers 
are not present.

Glacial-Drift Aquifers

Glacial-drift aquifers consist of 
unconsolidated till, outwash, and loess of 
Pleistocene age. These deposits are present in 
northeastern Kansas where they are important 
sources of water (plate 1).

High Plains Aquifer

The High Plains aquifer consists of 
unconsolidated Pleistocene, Pliocene, and 
Miocene silt, clay, sand, and gravel of fluvial and 
eolian origin and any alluvial deposits directly 
overlying the unconsolidated Pleistocene, 
Pliocene, and Miocene deposits. The High Plains

aquifer is present throughout much of western 
Kansas (plate 1) and is used extensively there.

Aquifers in Consolidated Rocks

ains Aquifer SystemGreat P

The

much of

jreat Plains aquifer system consists of
loosely consolidated sandstone, siltstone, and 
shale oi Early Cretaceous age (Jorgensen, 
Helgesen, and Imes, in press). It includes the 
Dakota 1 ormation, Kiowa Shale, and Cheyenne 
Sandstone. These rocks are present throughout

central and western Kansas (plate 2).
The Great Plains aquifer system is an important 
source of water in parts of north-central and 
central Kansas where the High Plains aquifer is 
thin or absent.

Ozark Aquifer

The 
sandy 
Cambriar 
(Jorg

Ozark aquifer consists of weathered and 
doi omite and limestone of Ordovician and 

i age and includes the Arbuckle Group 
Helgesen, and Imes, in press). It is 

an important aquifer in extreme southeastern 
Kansas (plate 2).

FRESH WATER STORAGE 

Definitions

Water 
the
aquifer, 
factors-

estimated

in storage is defined in this report as 
amount of water available for use in an 

Water in storage is dependent on two 
volume of the saturated part of the 

aquifer and the storage coefficient of the aquifer.
the

The volume of saturated aquifer material is
from the areal extent of the saturated

part of an aquifer and the thickness of the 
saturated part. For this study, only the part of 
the aquifer saturated with freshwater was 
considered. The definition of freshwater was 
chosen to be consistent with that used by the 
State of Kansas. Freshwater is defined by the 
State as water with a dissolved-solids 
concentration of 1,000 milligrams per liter 
(mg/L) or less (Kansas Department of Health and 
Environment, 1984; 1985).

The extent of an aquifer is limited in this

2 Estimates of Freshwater Storage and Potential Natural Recharge for Principal Aquifers in Kansas



T
ab

le
 1

. 
P

ri
nc

ip
al

 a
qu

if
er

s 
in

 K
an

sa
s 

an
d 

th
ei

r 
hy

dr
ol

og
ic

 c
ha

ra
ct

er
is

tic
s.

 

[g
al

/m
in

 =
 g

al
lo

ns
 p

er
 m

in
ut

e;
 m

g/
L

 =
 m

il
li

gr
am

s 
pe

r 
li

te
r.

 M
od

if
ie

d 
fr

om
 B

e v
an

s 
an

d 
ot

he
rs

 (
19

85
)]

A
q
u
i
f
e
r
 
n
a
m
e
 
an
d 

d
e
s
c
r
i
p
t
i
o
n

W
e
l
l
 
y
i
e
l
d
 
(
g
a
l
l
o
n
s
 
p
e
r
 
m
i
n
u
t
e
)

R
e
m
a
r
k
s

C
o
m
m
o
n
 

r
a
n
g
e

M
a
y
 

e
x
c
e
e
d

A
l
l
u
v
i
a
l
 
a
q
u
i
f
e
r
s

Q
u
a
t
e
r
n
a
r
y
 
sa
nd
, 

g
r
a
v
e
l
,
 
s
i
l
t
 

an
d 

cl
ay
. 

G
e
n
e
r
a
l
l
y
 
u
n
c
o
n
f
i
n
e
d

? I CO

G
l
a
c
i
a
l
-
d
r
i
f
t
 
a
q
u
i
f
e
r
s

P
l
e
i
s
t
o
c
e
n
e
 
ti
ll
, 

o
u
t
w
a
s
h
,
 

lo
es
s.
 

G
e
n
e
r
a
l
l
y
 
u
n
c
o
n
f
i
n
e
d

H
i
g
h
 
P
l
a
i
n
s
 
a
q
u
i
f
e
r
 

F
l
u
v
i
a
l
 
an

d 
e
o
l
i
a
n
 
d
e
p
o
s
i
t
s
 

of
 
cl
ay
, 

si
lt
, 

sa
nd
, 

an
d 

g
r
a
v
e
l
 
of

 
C
e
n
o
z
o
i
c
 
ag
e.
 

G
e
n
e
r
a
l
l
y
 
u
n
c
o
n
f
i
n
e
d

G
r
e
a
t
 
P
l
a
i
n
s
 
a
q
u
i
f
e
r
 
s
y
s
t
e
m
 

L
o
w
e
r
 
C
r
e
t
a
c
e
o
u
s
 
s
a
n
d
s
t
o
n
e
,
 

s
i
l
t
s
t
o
n
e
,
 
an
d 

s
h
a
l
e
 
of
 

O
e
 
D
a
k
o
t
a
 
F
o
r
m
a
t
i
o
n
,
 

K
i
o
w
a
 
Sh
al
e,
 
an

d 
C
h
e
y
e
n
n
e
 

S
a
n
d
s
t
o
n
e
.
 

G
e
n
e
r
a
l
l
y
 

c
o
n
f
i
n
e
d
,
 
e
x
c
e
p
t
 
in

 
or

 
n
e
a
r
 
a
r
e
a
 
of

 
o
u
t
c
r
o
p

O
z
a
r
k
 
a
q
u
i
f
e
r

C
a
m
b
r
i
a
n
 
a
n
d
 
O
r
d
o
v
i
c
i
a
n
 

w
e
a
t
h
e
r
e
d
 
a
n
d
 
s
a
n
d
y
 

d
o
l
o
m
i
t
e
 
of

 
th

e 
A
r
b
u
c
k
l
e
 

G
r
o
u
p
.
 

C
o
n
f
i
n
e
d

1
0
-
5
0
0
 

1
,
0
0
0
 

W
e
l
l
 
y
i
e
l
d
s
 
in
 
K
a
n
s
a
s
,
 
A
r
k
a
n
s
a
s
,
 
R
e
p
u
b
l
i
c
a
n
,
 
P
a
w
n
e
e
,

S
m
o
k
y
 
Hi
ll
, 

an
d 

W
e
t
 
W
a
l
n
u
t
 
R
i
v
e
r
 
v
a
l
l
e
y
s
 
e
x
c
e
e
d
 

50
0 

g
a
l
/
m
i
n
.
 

W
e
l
l
s
 
in

 
o
t
h
e
r
 
v
a
l
l
e
y
s
 
u
s
u
a
l
l
y
 
y
i
e
l
d
 

le
ss
 
t
h
a
n
 
10

0 
g
a
l
/
m
i
n
.
 

L
o
c
a
l
l
y
,
 
w
a
t
e
r
 
f
r
o
m
 
t
h
e
s
e
 

a
q
u
i
f
e
r
s
 
c
a
n
 
h
a
v
e
 
la
rg
e 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
of

 
d
i
s
s
o
l
v
e
d
 

s
o
l
i
d
s
,
 
c
h
l
o
r
i
d
e
,
 
s
u
l
f
a
t
e
,
 
n
i
t
r
a
t
e
,
 
ir
on
, 

a
n
d
 
m
a
n
­
 

g
a
n
e
s
e
.
 

L
a
r
g
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
of

 
s
e
l
e
n
i
u
m
 
an

d 
n
a
t
u
r
a
l
l
y
 
o
c
c
u
r
r
i
n
g
 
g
r
o
s
s
-
a
l
p
h
a
 
r
a
d
i
o
a
c
t
i
v
i
t
y
 
s
o
m
e
­
 

ti
me
s 

o
c
c
u
r
 

in
 
w
a
t
e
r
 

f
r
o
m
 
n
o
r
t
h
-
c
e
n
t
r
a
l
 
K
a
n
s
a
s
.

1
0
-
1
0
0
 

50
0 

W
a
t
e
r
 
f
r
o
m
 
s
h
a
l
l
o
w
 
w
e
l
l
s
 
g
e
n
e
r
a
l
l
y
 
c
o
n
t
a
i
n
s
 
le
ss

t
h
a
n
 
5
0
0
 
m
g
/
L
 
d
i
s
s
o
l
v
e
d
 
s
o
l
i
d
s
,
 
bu
t 

la
rg
e 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
of
 
n
i
t
r
a
t
e
 
c
a
n
 
oc

cu
r.

 
W
a
t
e
r
 
f
r
o
m
 

d
e
e
p
 
w
e
l
l
s
 
c
a
n
 
h
a
v
e
 
l
a
r
g
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
of

 
d
i
s
s
o
l
v
e
d
 
s
o
l
i
d
s
,
 
c
h
l
o
r
i
d
e
,
 
s
u
l
f
a
t
e
,
 
ir
on
, 

or
 

m
a
n
g
a
n
e
s
e
.

5
0
0
-
1
,
0
0
0
 

1
,
5
0
0
 

W
a
t
e
r
 
g
e
n
e
r
a
l
l
y
 
ha

s 
le
ss
 
t
h
a
n
 
50
0 

m
g
/
L
 
d
i
s
s
o
l
v
e
d

s
o
l
i
d
s
,
 
b
u
t
 
l
a
r
g
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
of

 
f
l
u
o
r
i
d
e
 
an
d 

s
e
l
e
n
i
u
m
 
c
a
n
 
o
c
c
u
r
 
i
n
 
n
o
r
t
h
w
e
s
t
e
r
n
 
K
a
n
s
a
s
.
 

P
r
o
­
 

v
i
d
e
s
 
w
a
t
e
r
 
s
u
p
p
l
i
e
s
 
fo

r 
D
o
d
g
e
 
Ci

ty
, 

G
a
r
d
e
n
 
Ci
ty
, 

G
r
e
a
t
 
Re
nd
, 

P
r
a
t
t
,
 
H
u
t
c
h
i
n
s
o
n
,
 
M
c
P
h
e
r
s
o
n
,
 
W
i
c
h
i
t
a
,
 

a
n
d
 
m
o
s
t
 
o
t
h
e
r
 
to
wn
s 

w
h
e
r
e
 
th
e 

a
q
u
i
f
e
r
 
ha
s 

a
d
e
q
u
a
t
e
 

s
u
p
p
l
i
e
s
.

1
0
-
1
0
0
 

1
,
0
0
0
 

W
a
t
e
r
 
q
u
a
l
i
t
y
 
v
a
r
i
a
b
l
e
.
 

C
o
n
t
a
i
n
s
 
le

ss
 
t
h
a
n
 
50

0
m
g
/
L
 
d
i
s
s
o
l
v
e
d
 
s
o
l
i
d
s
 
w
h
e
r
e
 
th

e 
a
q
u
i
f
e
r
 
is
 

e
x
p
o
s
e
d
;
 
c
o
n
t
a
i
n
s
 
la
rg
e 

c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
of

 
d
i
s
s
o
l
v
e
d
 
s
o
l
i
d
s
 
to
 
th

e 
w
e
s
t
 
an

d 
n
o
r
t
h
 
of

 
th

e 
s
u
r
f
a
c
e
 
e
x
p
o
s
u
r
e
.
 

L
a
r
g
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
of

 
i
r
o
n
 

o
c
c
u
r
 
in
 
w
a
t
e
r
 
f
r
o
m
 
s
o
m
e
 
w
e
l
l
s
.
 

S
o
m
e
 
w
e
l
l
s
 
in

 
F
i
n
n
e
y
,
 
Fo
rd
, 

an
d 

H
o
d
g
e
m
a
n
 
C
o
u
n
t
i
e
s
 
ca

n 
y
i
e
l
d
 

m
o
r
e
 
t
h
a
n
 
1
,
0
0
0
 
g
a
l
/
m
i
n
.

3
0
-
1
5
0
 

50
0 

'W
at

er
 
g
e
n
e
r
a
l
l
y
 
c
o
n
t
a
i
n
s
 
le
ss
 
t
h
a
n
 
50
0 

m
g
/
L
 
d
i
s
­
 

s
o
l
v
e
d
 
s
o
l
i
d
s
.
 

H
y
d
r
o
g
e
n
 
s
u
l
f
i
d
e
 
ga
s,
 
or

 
l
a
r
g
e
 

g
r
o
s
s
-
a
l
p
h
a
 
r
a
d
i
o
a
c
t
i
v
i
t
y
 
or
 
i
r
o
n
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 

c
a
n
 
o
c
c
u
r
 
in

 
w
a
t
e
r
 
f
r
o
m
 
s
o
m
e
 
w
e
l
l
s
.



study to where the aquifer is saturated with 
freshwater. The saturated thickness of an 
unconfined aquifer is equal to the thickness of 
the part of the aquifer that lies below the water 
table. Where an aquifer is confined, the entire 
thickness of the aquifer is saturated.

The storage coefficient is the volume of water 
that an aquifer releases from or takes into 
storage per unit surface area of aquifer per unit 
change in hydraulic head (Lohman and others, 
1972). In confined aquifers, the storage 
coefficient is very small, about 0.000001 per foot 
of aquifer thickness (Lohman, 1979). As the 
water level is drawn below the top of the aquifer, 
the aquifer becomes unconfined. The storage 
coefficient of an unconfined aquifer is much 
larger, about 0.2 per foot of saturated aquifer 
thickness. Although the amount of water 
yielded by an aquifer under confined conditions 
can be significant, in this study, the amount of 
water yielded by an aquifer when it is confined 
was found to be so much smaller than the 
amount yielded while under unconfined 
conditions (less than 0.02 percent of the total) 
that the confined water was ignored. In an 
aquifer under unconfined conditions, the storage 
coefficient is virtually equivalent to the specific 
yield of the aquifer.

Porosity is the ratio of the volume of the rock 
or soil interstices (openings) to the total volume 
of the rock or soil (Lohman and others, 1972). If 
the rock or soil is saturated, these interstices are 
filled with water. Specific yield is the ratio of (1) 
the volume of water which the rock or soil, after 
being saturated, will yield by gravity to (2) the 
volume of rock or soil (Lohman and others, 1972). 
Most of the interstitial water will drain from the 
deposits, but some of the water will be retained 
by capillary forces (Heath, 1983). The specific 
yield of an aquifer is always somewhat less than 
the porosity of the deposits, unless there are 
other factors involved, such as unpredictable 
fractures and solution openings.

Methodology

The extent of each aquifer identified in this 
report was based on previously published maps. 
Areas of an aquifer with no saturated thickness 
were not considered, nor were the areas where 
the aquifer does not contain freshwater.

For uhconfined aquifers, saturated thickness 
was estimated from previously published maps of 
saturated! thickness or from maps of the altitude 
of the water table and of the bottom of the 
aquifer. Where possible, these maps were 
updated with data from recent well 
measurements. If no maps were available, a map 
of saturated thickness was constructed based 
mainly on well information. Previously 
constructed maps of the thickness of the confined 
aquifers were used as saturated-thickness maps 
for those aquifers.

Where previously published values of 
specific yield were available, they were used. 
Where previously published information on 
specific yield of an aquifer was unavailable, 
specific yield was estimated by multiplying the 
percentage of the aquifer containing permeable 
material by the specific yield of the material. If 
this information was unavailable, the specific 
yield was estimated from the average porosity of 
the aquifer.

Considering the factors just mentioned, it is 
possible to use a simplified equation to estimate 
the volume of water in storage:

storage = (volume of saturated deposits) X 
(specific yield) , (1)

where

storage = volume of freshwater in storage, 
in acre-feet;

volume oil saturated deposits = volume of
aquifer saturated with freshwater, 
in acre-feet; and

specific yijeld = specific yield of the aquifer, 
dimensionless.

The estimate of the volume of water in 
storage was computed by determining the area 
within each saturated-thickness contour (plates 
1 and 2) and then making a graph of the volume 
of saturated deposits by plotting the area within 
each contour interval against the value of the 
contour. The area below the curve of this graph is 
equal to the volume of saturated deposits. If it 
was not possible to construct a graph of the

4 Estimates of Freshwater Storage and Potential Natural Recharge fdr Principal Aquifers in Kansas



volume of saturated deposits because there was 
only one saturated-thickness contour in the area, 
the volume of saturated deposits was estimated 
by multiplying the area within the contour by 
the average saturated thickness. If no other 
information was available, the average 
saturated thickness was estimated to be equal to 
the value of the enclosing contour plus one- 
fourth of the contour interval [for example, if all 
the area is within an 80-foot contour and the 
contour interval is 40 feet, the average saturated 
thickness = 80 + (1/4 x 40) = 90 feet). The 
volume of saturated deposits then was multiplied 
by the specific yield of the aquifer (plates 2 and 3) 
for an estimate of the volume of freshwater in the 
aquifer.

Factors Affecting Volume of Fresh­ 
water in Storage

All aquifers contain some relatively 
impermeable material that will yield little 
water. If the proportion of relatively 
impermeable material is known, the aquifer's 
effective thickness can be determined. Effective 
thickness is that part of the saturated thickness 
of an aquifer that will yield most of the water. 
Although effective thickness would be more 
useful than saturated thickness for determining 
the volume of aquifer material that will yield 
water, it generally was not used in this study 
because not enough information was available. 
Available estimates of effective thickness are 
variable. Effective thickness for the High Plains 
aquifer in Finney, Haskell, and Kearny Counties 
has been estimated to range from 29 to 100 
percent and to average about 70 percent of 
saturated thickness (Gutentag, Lobmeyer, 
McGovern, and Long, 1972; Gutentag, 
Lobmeyer, and McGovern, 1972; Gutentag and 
Stullken, 1974). Keene and Bayne (1977) have 
estimated that only 30 percent of the upper part 
of the Great Plains aquifer system is relatively 
permeable material, while J.O. Helgesen (U.S. 
Geological Survey, written commun., 1987) 
estimated 50 percent of the Great Plains aquifer 
system in Kansas is relatively permeable 
material.

Climate can affect the volume of water in 
storage by affecting the saturated thickness of an 
unconfined aquifer. The saturated thickness of 
an aquifer can vary through time as the water 
table within the aquifer rises and falls. During

times of plentiful precipitation (increased 
recharge), the water table may rise and increase 
the aquifer's saturated thickness, but during 
times of drought (negligible recharge) the water 
table may fall and reduce the aquifer's saturated 
thickness. These changes will be most dramatic 
in thin aquifers, such as the thinner alluvial 
aquifers, and may cause them to become 
undependable sources of water during times of 
drought (Morton and Fader, 1975).

The effects of increasing depth on water 
quality in the aquifers were not investigated in 
this study. It is likely that in some areas that are 
shown as having dissolved solids of less than 
1,000 mg/L (plates 1 and 2) the water may 
actually have larger dissolved-solids 
concentrations at greater depths in the aquifer. 
This is especially true where Permian rocks 
containing greatly mineralized water underlie 
parts of the principal aquifers in central and 
southwestern Kansas (Leonard and 
Kleinschmidt, 1976; Hathaway, Carr, Flanagan, 
Galle, Waugh, Dickey, and Magnuson, 1978; 
Hathaway, Galle, Waugh, and Dickey, 1978) or 
where leakage of oilfield brines has caused 
contamination (Leonard and Kleinschmidt, 
1976; Hathaway and others, 1981).

The use of a dissolved-solids concentration of 
1,000 mg/L as the upper limit of freshwater does 
not mean that all water with concentrations less 
than that limit is suitable for all uses or that all 
water with concentrations greater than that 
limit is unusable. The State of Kansas 
recommends that water with a dissolved-solids 
concentration greater than 1,000 mg/L not be 
used for drinking water, but in some areas of the 
State where better quality water is unavailable, 
water with dissolved solids greater than 2,000 
mg/L is used for drinking water. The 
concentration of individual constituents can 
make water unsuitable for specific uses. For 
drinking water, a large sulfate concentration 
causes the water to have a laxative effect. Large 
concentrations of iron impart a bad taste and 
tend to stain laundry and plumbing fixtures. 
Large fluoride concentrations cause mottling of 
teeth. Large nitrate concentrations may cause 
methemoglobinemia in infants. Concentrations 
of any constituent above the limits recommended 
by the U.S. Environmental Protection Agency 
(1986a and b) can make the water unsuitable for

Freshwater Storage 5



a particular use no matter what the dissolved- 
solids concentration is. The suitability of water 
for irrigation is dependent not just on the 
dissolved-solids concentrations but also on the 
sodium-adsorption ratio, soil type, and drainage. 
In Hamilton County, a calcium sodium sulfate 
type water with dissolved-solids concentrations 
greater than 4,000 mg/L is used for irrigation 
with few problems because the soil is well 
drained (Lobmeyer and Sauer, 1974). Suitability 
of water for industrial uses is dependent on the 
type of industry. For example, chemical quality 
of water generally is not important for 
concentrating ores, but extremely pure water is 
needed for nuclear reactors (Hem, 1985).

Well yields do not affect the volume of water 
in storage, but they do affect the rate at which 
the water can be withdrawn. The yield of a well 
depends upon the thickness and permeability of 
the aquifer, whether the aquifer is confined or 
not, the degree of penetration of the aquifer by 
the well, the diameter of the well, the efficiency 
of the pump and well screen, and many other 
factors. Because of the wide range in these 
factors and their effects, there is no accurate way 
to predict the yield of a well.

Aquifers may contain large volumes of water 
in storage, but wells tapping these aquifers may 
not yield large volumes of water. This may be 
especially true in areas where an aquifer is 
confined or semiconfined. If an aquifer is 
confined or semiconfined, all or most of the water 
being released from the aquifer is due to the 
expansion of the water and compaction of the 
aquifer as the confining pressure is released. For 
that reason, confined and semiconfined aquifers 
will yield water only at a rate of about 0.01 to 
0.0001 of the rate the same aquifer would yield if 
it were unconfined (Heath, 1983). The thickness 
of an aquifer also can affect the rate at which it 
will yield water. The thicker the aquifer is, if all 
other conditions remain the same, the more 
water it will yield to a fully penetrating well. A 
generalized map of well yield is shown in figure 
1. This map shows that properly constructed and 
located wells may be expected to have greater 
yield in western and southeastern Kansas and 
along the major river valleys than in the rest of 
the State. Local variations in the geology may 
make the yield of individual wells larger or 
smaller than those shown on the map.

Even in areas with large well yields it is not 
possible to pump out all the water that 
theoretically would drain by gravity from 
saturated deposits or rocks, nor is it economically 
feasible. Estimates of the part of the volume of 
water in storage that is available for 
development range from 60 percent (McClain 
and others, 1975) to 80 percent (Fader and 
Stullker^, 1978). An intermediate value of two- 
thirds ^66.7 percent) has been used by the 
Kansas Water Office (1984).

POTENTIAL NATURAL 
RECHARGE

Definitions

Recharge is defined in this report as the 
infiltration of water across the water table into 
the saturated zone. In this study, the only type of 
recharge considered was potential natural 
recharge. Potential natural recharge is recharge 
from precipitation to the water table in an 
aquifer (that directly underlies the soil at land 
surface.; All precipitation was assumed to be 
freshwater with a dissolved-solids concentration 
less than 1,000 mg/L. Return flow from 
irrigation and underflow from areas outside 
Kansas were not considered in estimating 
natural recharge for this study.

It is

exceed

important to know the amount of
rechargei to an aquifer because if withdrawals

-his amount, the water table in the
aquifer (or pressure head, if the aquifer is 
confined) probably will decline. If this condition 
continues over a long enough period, parts of the 
aquifer may be dewatered and become unusable 
as a source of water.

Methodology

The area where natural recharge is taking 
place was determined by comparing the areas 
where each aquifer has some saturated thickness 
and the areas of outcrop shown on the State 
geologic map (Kansas Geological Survey, 1964). 
Where the aquifer has some saturated thickness 
and directly underlies the soil at land surface, 
natural recharge is possible.

There are few measured values of the rate of 
recharge available for Kansas, and those

6 Estimates of Freshwater Storage and Potential Natural Recharge for Principal Aquifers in Kansas



95
°

t I 3
 

»» E z 8! O CT
 

8!

SH
BR

MA
N 

[T
HO

M
AS

 
U

-s
fii

S
 

i 
I

W
O

O
D

S
O

N
lA

LL
EN

 
I 

B
O

U
R

B
O

N

M
O

R
T

O
N

 
1 

ST
EV

EN
S 

j 
S

E
W

A
R

D

-^
  

  
  

 i
  

  
  

 u
^
  

. 
 ,

  
 K
  
  
 ,
_
 

M
o
d
if

ie
d
 

fr
o
m

 
S

te
e
p

le
s 

_,
__

D
T

 
K

X
T

 A
T

T
O

M
 

a
n

d
 

B
u
c
h
a
n
a
n
 

(1
9
8
3
) 

E
X

P
L

A
N

A
H

U
J
N

W
E

L
L

 
Y

IE
L

D
, 

IN
 

G
A

L
L

O
N

S
 

PE
R

 
M

IN
U

T
E

0 
20

 
40

 
60

 M
IL

ES
 
 
 
 
H

 
 
H

 
 
 
 

0 
20

 
40

 
60

 K
IL

O
M

E
TE

R
S

G
re

at
er

 t
h
an

 
5

0
0

 
L

es
s 

th
an

 
1

0
0

1
0
0
-5

0
0

Fi
gu

re
 1

. 
G

en
er

al
 a

va
ila

bi
lit

y 
o

f g
ro

un
d 

w
at

er
.



available are only applicable to limited areas. As 
a result, estimates of recharge usually are made 
using indirect methods. The best previous 
indirect estimates of the rate of recharge 
commonly were based on the amount of base flow 
in unregulated streams. Generally, this 
information also was unavailable, and the rate of 
recharge was estimated as a percentage of 
precipitation. Estimates of the rate of recharge 
also may come from studies that used water- 
balance computer models to simulate hydrologic 
conditions. These models were not designed to 
calculate recharge, but recharge was one of the 
variables in the water-balance equation. As a 
result, recharge was estimated as any reasonable 
value that would balance the equation.

This study used a computer model that 
estimated the rate of potential natural recharge 
directly rather than as a part of a water-balance 
equation. The model calculated the rate of 
potential natural recharge from soil, vegetative, 
and climatic data. The model consisted of three 
programs. The first program used the Jensen- 
Haise solar-radiation method (Jensen and Haise, 
1963; Jensen and others, 1970) to determine 
potential evapotranspiration (PET) from solar 
radiation, temperature, and humidity 
information. The second program was developed 
by the U.S. Bureau of Reclamation and modified 
by Lappala (1978) and Peckenpaugh and Dugan 
(1983) to account for the moisture entering, 
leaving, and remaining within the soil zone, 
based on the effects of vegetation and hydrologic 
characteristics of the soils and the data 
calculated by the PET program. The third 
program was modified from Peckenpaugh and 
Dugan (1983) to take point estimates of the mean 
annual rate of recharge from the soil-moisture 
program and make a weighted areal distribution 
of the estimated recharge data on the basis of 
land-use and soil patterns in the areas between 
these points.

The natural-recharge model had been used 
previously by the U.S. Geological Survey's 
Central Midwest regional aquifer system 
analysis (CMRASA) (Dugan and Peckenpaugh, 
1985) to estimate the mean annual rate of 
recharge in much of eastern and central 
Kansas. The model was used in this study to 
estimate the rate of recharge in western and the 
remaining part of central Kansas after the

appropriate data were collected. These results 
were combined with those from the CMRASA 
(J.T. Dugan, written commun., 1985) to make a 
generalized map showing the mean annual rate 
of recharge in Kansas.

To estimate the amount of recharge, a 
simplified equation was used:

recharge = (area of recharge) X (rate of
recharge), (2) 

where

recharge^ volume of potential natural
recharge to the aquifer, in acre-feet 
per year;

area of recharge   area where the aquifer
has some saturated thickness and 
directly underlies the soil at land 
surface, in acres; and

rate of recharge = mean annual rate of
potential natural recharge, in feet 

I per year.

The estimate of the volume of potential 
natural recharge per year was computed by 
determining the area where the aquifer has some 
saturated thickness and directly underlies the 
soil at land surface (plate 4) and multiplying it 
by the rate of potential natural recharge 
estimated to the nearest 0.25 inch from the map 
showing the mean annual rate of potential 
natural recharge (plate 4).

Factors Affecting Potential Natural 
Recharge

The quantity of water from precipitation that 
becomes available for potential natural recharge 
is a function of a variety of environmental 
elements. These include the climate, soils, and 
land use or vegetation. These elements 
necessarily must be considered in calculating 
potential natural recharge.

Climate affects potential natural recharge in 
two ways.] First, climate is comprised of a group 
of factors that affects consumptive water use or 
evapotranspiration. Potential evapotranspira­ 
tion, which is essentially consumptive water use 
under conditions where the availability of water 
is a nonlimiting factor, is a

8 Estimates of Freshwater Storage and Potential Natural Recharge for Principal Aquifers in Kansas



function of solar radiation, temperature, 
humidity, and wind velocity. Potential 
evapotranspiration shows a significant increase 
across Kansas, from approximately 42 inches 
annually in the northeast to more than 64 inches 
in the southwest (fig. 2). This factor indicates 
that consumptive water requirements are much 
greater in southwestern Kansas; therefore, less 
water would be available for recharge. A second 
climatic factor, precipitation, was considered as 
the only source of water for potential natural 
recharge in this study. As indicated on plate 4, 
mean annual precipitation varies from more 
than 40 inches in extreme southeastern Kansas 
to less than 16 inches in extreme western 
Kansas. This decrease in precipitation from east 
to west, in addition to the increase in 
consumptive water requirements from east to 
west, should ultimately result in a decline in 
potential natural recharge from east to west.

Soil properties also affect potential natural 
recharge in several ways. One of the ways is the 
rate at which precipitation infiltrates into and 
out of the soil root zone. The initial amount of 
precipitation infiltrating into this zone is 
partially a function of both soil slope and the 
permeability of the soil surface. Permeability, 
furthermore, affects how rapidly moisture can 
move through and out of the soil root zone and 
beyond the reach of the effects of 
evapotranspiration. Soil permeability ranges 
from as little as 0.10 inch per hour for some 
clayey soils in northeastern Kansas to more than 
10 inches per hour in sandy soils in parts of 
south-central Kansas. Under similar climatic 
conditions resultant recharge tends to be much 
greater in very permeable soils than in soils with 
small permeability.

Another property of the soil that is 
significant to water use and potential natural 
recharge is available water capacity. Like 
permeability, the available water capacity is 
dependent on soil texture. The available water 
capacity determines the moisture storage 
capacity of the soil. It also determines how much 
water can be held in the soil root zone and is 
available for consumptive water use. Soils with 
a silt-loam texture, such as soils formed on loess, 
tend to have the largest available water capacity 
(approximately 0.20 inch per inch). Sandy soils 
tend to have the smallest (less than 0.10 inch per 
inch). Soils with a large available water capacity

and small permeability tend to have smaller 
consumptive water use, but less overall recharge 
than sandy soils with small available water 
capacity and large permeability.

Variations in land use or vegetation are 
significant to potential natural recharge by 
affecting the rate of infiltration of precipitation 
and the consumptive water requirements. Areas 
of sparse or no vegetative cover, including paved 
urban areas, tend to result in greater runoff and 
less infiltration.

More significant than the effect of vegetation 
on the rate of infiltration is the difference in 
consumptive water requirements among the 
various vegetation types. The differences in 
consumptive water requirements occur both in 
total annual needs and seasonal patterns. 
Consumptive water requirement is expressed as 
a percentage of PET and is the seasonal pattern 
of water use by a particular plant if water 
availability was nonlimiting. Alfalfa, woodlands, 
and grasslands tend to have the largest 
consumptive water requirements in Kansas; 
winter wheat, grain sorghum, and fallow have 
the smallest. Areas of significant summer 
fallow, as in the winter-wheat-growing areas of 
western and central Kansas, tend to have small 
consumptive water requirements and, therefore, 
greater potential natural recharge than those 
lands with different vegetative types.

The potential natural recharge patterns for 
Kansas shown on plate 4 take into consideration 
the climatic factors, soils, and vegetation. As is 
evident, potential mean annual natural recharge 
declines from as much as 8 inches in extreme 
southeastern Kansas to less than 0.5 inch in 
western Kansas. The climatic factors 
contributing to greater consumptive water use, 
PET and less precipitation, are obviously most 
significant. However, more localized variations 
in potential natural recharge are most likely the 
result of soil or vegetation factors, or both.

ESTIMATES OF FRESHWATER 
STORAGE AND POTENTIAL 
NATURAL RECHARGE

There is a total of about 590,000,000 acre- 
feet of freshwater available in storage in all the 
principal aquifers in Kansas (table 2). This is 
about one-third more than previous estimates of

Estimates of Freshwater Storage and Potential Natural Recharge 9
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freshwater storage; for example, 425,420,000 
acre-feet by the Kansas Water Resources Board 
(1967); 456,820,000 acre-feet by Stuart W. Fader 
(U.S. Geological Survey, written commun., 
1974); and 380,000,000 acre-feet by Hambleton 
(1984). Most of the difference may be due to 
differences in estimated saturated thickness and 
in the considered extent of the aquifers. The 
aquifers in unconsolidated deposits have about 
292,000,000 acre-feet of freshwater in storage, 
with most of that in the High Plains aquifer 
(table 2). The aquifers in consolidated rocks have 
about 297,000,000 acre-feet of freshwater in 
storage, about equal to that of aquifers in 
unconsolidated deposits (table 2). Almost all the 
freshwater storage in the consolidated rocks is in 
the Great Plains aquifer system. The areal 
extent and amount of freshwater storage for all 
the principal aquifers together and for each 
aquifer individually are shown in figures 3 
through 8. By comparing these figures, one can 
see that the large volumes of freshwater storage 
in western and central Kansas are due mainly to 
large volumes in overlapping areas of the 
extensive and thick High Plains aquifer and the 
Great Plains aquifer system (figs. 6 and 7). The 
large volume of freshwater storage in 
southeastern Kansas is in the thick Ozark 
aquifer (fig. 8). The relatively small amount of 
freshwater storage in much of eastern Kansas 
(fig. 4) is due to the presence of only the alluvial 
aquifers, which are neither extensive nor thick.

Hambleton (1984) estimated yearly 
precipitation in Kansas at about 120,000,000 
acre-feet. Only a small part of this precipitation 
becomes recharge to aquifers. About 3,990,000 
acre-feet of that precipitation is estimated by this 
study to be the yearly potential natural recharge 
to all the principal aquifers in Kansas (table 2). 
Recharge previously was estimated by the 
Kansas Water Resources Board (1967) to be 
3,335,000 acre-feet per year. In this study, about 
3,660,000 acre-feet per year is estimated as 
potential natural recharge to the aquifers in 
unconsolidated deposits. About 323,000 acre-feet 
per year is estimated as potential natural 
recharge to the Great Plains aquifer system. 
There is no direct natural recharge to the Ozark 
aquifer because it does not crop out in the State.

The volume of mean annual natural 
recharge and the extent of the area where 
potential natural recharge takes place for all the

principal aquifers together and for each aquifer 
individually are shown in figures 9 through 13. 
The relatively even distribution of natural 
recharge across the State, as shown in figure 9B, 
can be misleading. By comparing figure 9A with 
figure 9B, one can see this even distribution is 
due to limited areas of potential natural 
recharge, with greater rates of natural recharge 
in eastern Kansas, and to large areas of natural 
recharge in the west, with lesser rates of natural 
recharge. The areas in both western and eastern 
Kansas with small volumes of mean annual 
natural recharge are mainly due to small areas 
of natura| recharge, but the lesser rate of natural 
recharge also is an important factor in western 
Kansas. |The areas with large volumes of mean 
annual natural recharge are the result of both 
large areas of natural recharge and relatively 
greater rates of natural recharge.

Previous estimates of recharge based on 
precipitation range from 1 percent of 
precipitation for unirrigated land in western 
Kansas (Gutentag and others, 1981) to as much 
as 20 percent in south-central Kansas (Williams 
and Lohman, 1949), with most estimates being 
less than 10 percent of precipitation. Dugan and 
Peckenpaugh (1985) reported that the computer 
model used to estimate recharge in the area of 
the CMRASA study gave results similar to past 
estimates based on precipitation. They reported 
that recharge ranges from 2 percent of 
precipitation where precipitation is 15 inches per 
year to 25 percent of precipitation where 
precipitation is 40 inches per year.

Alluvial Aquifers

Freshwater in storage in the alluvial 
aquifers was estimated to be 12,700,000 acre-feet 
(table 2). This is similar to the 10,000,000 acre- 
feet estimated by Hambleton (1984) for these 
same aquifers. Small volumes of freshwater 
storage in counties in southwestern Kansas (fig. 
4B) are due to both the limited extent of the 
aquifers and their small saturated thicknesses. 
Sedgwick, County's relatively large volume of 
freshwater storage occurs in an area where there 
is a major stream and widespread alluvial 
deposits (fig. 4A).

I
Saturated thickness of the alluvial aquifers 

ranges from near zero, where the deposits are 
nearly absent or have dissolved-solids

12 Estimates of Freshwater Storage and Potential Natural Recharge for Principal Aquifers in Kansas



concentrations greater than 1,000 mg/L, to more 
than 120 feet in Sedgwick County (plate 1). 
Saturated thickness averages about 16 feet 
throughout most of the alluvial aquifers. A set of 
maps from the Kansas Water Resources Board 
(1967) was the primary source of information on 
the saturated thickness of the alluvial aquifers. 
The boundaries of the alluvial aquifers were 
modified to better fit the limits of the alluvial 
deposits as shown on the State geologic map 
(Kansas Geological Survey, 1964). In parts of 
northeastern Kansas, saturated thickness was 
calculated from water-level measurements from 
the U.S. Geological Survey's Ground Water Site 
Inventory data base and a map of depth to 
bedrock by Bayne (1975). In the Neosho, 
Verdigris, Walnut, and Lower Arkansas River 
basins, the saturated thickness was modified by 
data from Morton and Fader (1975) and Fader 
and Morton (1975a and 1975b). In the Arkansas 
River valley in Hamilton and Kearny Counties, 
saturated thickness was based on data from 
Barker and others (1983). The areas with 
dissolved-solids concentrations greater than 
1,000 mg/L in the alluvial aquifers were 
determined from water-quality data in the U.S. 
Geological Survey's Water Data Storage and 
Retrieval System (WATSTORE) water-quality 
file. In some parts of the alluvial aquifers the 
water quality decreases with depth, especially 
where these aquifers are directly underlain by 
Permian or Lower Cretaceous rocks (Fader, 
1968; Gogel, 1981). Not enough information is 
known about the occurrence of this poorer 
quality water in the alluvial aquifers to exclude 
those parts of the aquifers that contain water 
with dissolved-solids concentrations greater 
than 1,000 mg/L at depth from the estimates of 
saturated thickness and freshwater storage 
made in this study.

Specific yield of the alluvial aquifers ranges 
from 0.1 to 0.2 and averages 0.16 (plate 3). A 
map of specific yield by Bayne and Ward (1969) 
was used extensively for estimating specific yield 
of the alluvial aquifers and updated with more 
recent data where available. A specific yield of 
0.15 was chosen for the alluvial aquifers in the 
Kansas River valley based on an average value 
from Fader (1974). Specific yield was estimated 
to be 0.15 for the alluvial aquifers in the Neosho, 
Verdigris, and Walnut River valleys and part of 
the Arkansas River valley based on values from 
Morton and Fader (1975) and Fader and Morton

(1975a and 1975b). Specific yields of 0.15 and 0.2 
were used for the alluvial deposits from the 
Arkansas River valley in Hamilton and Kearny 
Counties (plate 3) based on values from Barker 
and others (1983).

The mean annual rate of potential natural 
recharge to the alluvial aquifers ranges from less 
than 0.5 inch per year in western Kansas to 
slightly more than 8 inches per year in extreme 
southeastern Kansas (plate 4) and averages 3.28 
inches per year. The volume of potential natural 
recharge to the alluvial aquifers was estimated 
to be 1,470,000 acre-feet per year, or about 12 
percent of freshwater storage (table 2). Small 
amounts of potential natural recharge in 
counties in western and parts of eastern Kansas 
(fig. 10B) are due to limited areas of natural 
recharge (fig. 10A); the smaller rate of natural 
recharge also is an important factor in western 
Kansas (plate 4).

Glacial-Drift Aquifers

The 12,400,000 acre-feet of freshwater (table 
2) estimated by this study to be in storage in the 
glacial-drift aquifers is close to Hambleton's 
(1984) estimate of 20,000,000 acre-feet. Large 
volumes of freshwater storage in Marshall, 
Nemaha, and Atchison Counties (fig. 5B) are due 
mainly to the relatively large thicknesses of 
glacial deposits in buried valleys (plate 1).

Saturated thickness of the glacial-drift 
aquifers ranges from near zero, where they are 
nearly absent or have dissolved-solids 
concentrations greater than 1,000 mg/L, to more 
than 320 feet in Nemaha County (plate 1) and 
averages 54 feet. In northeastern Kansas where 
glacial deposits are widespread, well information 
from the Kansas Geological Survey (Lawrence, 
Kansas), saturated-thickness maps from Ward 
(1973; 1974), and the location of preglacial 
drainage from Denne and others (1982) were 
used to define the saturated thickness and 
location of the glacial-drift aquifers. Maps from 
the Kansas Water Resources Board (1967) and 
the location of glacial deposits from the State 
geologic map (Kansas Geologic Survey, 1964) 
also were used to define the saturated thickness 
and areal extent in other areas, especially west of 
Nemaha County. The areas with dissolved- 
solids concentrations greater than 1,000 mg/L in 
the glacial-drift aquifers were determined from

Estimates of Freshwater Storage and Potential Natural Recharge 13
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water-quality data on file with the U.S. 
Geological Survey (Lawrence, Kansas). In the 
deeply buried parts of the glacial-drift aquifers 
the water quality decreases with depth (Ward, 
1974). Not enough information is known about 
the occurrence of this poorer quality water in the 
glacial-drift aquifers to exclude those parts of the 
aquifers that contain water with dissolved-solids 
concentrations greater than 1,000 mg/L at depth 
from the estimates of saturated thickness and 
freshwater storage made in this study.

In northeastern Kansas, a specific yield of 
0.15 was chosen for all glacial deposits (plate 3) 
based on aquifer tests reported in Reed and 
Burnett (1985). The mean annual rate of 
potential natural recharge to the glacial-drift 
aquifers ranges from about 3 inches per year in 
Riley County to more than 6 inches per year in 
Douglas and Johnson Counties (plate 4) and 
averages 4.85 inches per year. The volume of 
potential natural recharge to these aquifers was 
estimated to be 663,000 acre-feet per year, or 
about 5 percent of freshwater storage (table 2). 
Large amounts of natural recharge to the glacial- 
drift aquifers in Nemaha and Brown Counties 
(fig. 11B) are due in part to large areas of glacial 
deposits.

High Plains Aquifer

Freshwater in storage in the High Plains 
aquifer was estimated by this study to be 
267,000,000 acre-feet (table 2). This is almost 
the same as the estimate of 271,000,000 acre-feet 
of freshwater storage made by Hambleton (1984). 
Large volumes of freshwater storage in Finney, 
Gray, Haskell, Meade, Pratt, Seward, Sherman, 
Stevens, and Thomas Counties (fig. 6B) are due 
to large saturated thicknesses in those counties 
(plate 1).

Saturated thickness of the High Plains 
aquifer ranges from near zero, where the aquifer 
is nearly absent or has dissolved-solids 
concentrations greater than 1,000 mg/L, to more 
than 560 feet in Seward County (plate 1) and 
averages about 103 feet. For most of the area of 
the High Plains aquifer, the saturated thickness 
was estimated from maps of the configuration of 
the base of the High Plains aquifer (Watts and 
Stullken, 1981) and the altitude of the water 
table in the High Plains aquifer for 1980 (Pabst 
and Stullken, 1984). Data from the U.S.

Geological Survey's Ground Water Site 
Inventory file were used to update and modify 
the 1980 water-table map. Saturated thickness 
in part of the Pawnee River valley was based on 
data from Sophocleous (1980). In western Meade 
and northern Clark Counties where recent 
water-level measurements are lacking, the 
saturated-thickness data from the Kansas Water 
Resources Board (1967) were used. The areas in 
the High Plains aquifer with dissolved-solids 
concentrations greater than 1,000 mg/L were 
determined from the WATSTORE water-quality 
file and from maps by Hathaway and others 
(1975; 1977; 1978; 1979; 1981). In parts of the 
High Plains aquifer the water quality decreases 
with depth, especially where it is directly- 
underlain by Permian rocks or has been 
contaminated by oilfield brines (Hathaway, 
Carr, Flanagan, Galle, Waugh, Dickey, and 
Magnuson, 1978; Hathaway, Galle, Waugh, and 
Dickey, 1978; Hathaway and others, 1981; 
Leonard and Kleinschmidt, 1976; Krothe and 
others, 1982). Not enough is known about the 
occurrence of this poorer quality water in the 
High Plains aquifer to exclude those parts of the 
.aquifer that contain water with dissolved-solids 
concentrations greater than 1,000 mg/L at depth 
from the estimates of saturated thickness and 
freshwater storage made in this study.

Specific yield of the High Plains aquifer 
ranges from 0.05 to 0.2 and averages 0.15 (plate 
3). Areas within the High Plains aquifer were 
assigned specific-yield values of 0.05, 0.15, and 
0.2 based on a map by Stullken and others (1985) 
showing areas with three ranges of specific yield 
(0-0.1, 0.1-0.2, and 0.2-0.25) for the High Plains 
aquifer.

The mean annual rate of potential natural 
recharge to the High Plains aquifer ranges from 
less than 0.5 inch per year in western Kansas to 
more than 3 inches per year in south-central 
Kansas (plate 4) and averages 1.06 inches per 
year. This is more than twice the rate of natural 
recharge estimated for western Kansas by 
Stullken and others (1985) from a water-balance 
model. The rates of recharge from Stullken and 
others (1985) may be too small because actual 
water-level declines in western Kansas have not 
been as great as predicted using the rates 
estimated by the water-balance model (L.E. 
Stullken, U.S. Geological Survey, oral commun., 
1986). The volume of potential natural recharge
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to the High Plains aquifer was estimated for this 
study to be 1,530,000 acre-feet per year, or less 
than 1 percent of freshwater storage (table 2). 
The small volumes of natural recharge in some 
counties (fig. 12B) are due to the limited areas 
available for natural recharge (fig. 12A). Reno 
County has a relatively large volume of natural 
recharge (fig. 12B) because of the large area 
available for natural recharge and a greater rate 
of recharge (plate 4).

Great Plains Aquifer System

Freshwater in storage in the Great Plains 
aquifer system was estimated to be 271,000,000 
acre-feet (table 2). This is several times larger 
than the 75,000,000 acre-feet of potable water in 
storage in the Dakota Formation estimated by 
Hambleton (1984). The large volumes of 
freshwater storage in counties in western 
Kansas (fig. 7B) are due to the great thickness of 
the Great Plains aquifer system in this area 
(plate 2).

Saturated thickness of the Great Plains 
aquifer system ranges from near zero, where the 
aquifer is nearly absent or has dissolved-solids 
concentrations greater than 1,000 mg/L, to more 
than 800 feet in Lane County (plate 2) and 
averages 291 feet. Saturated thickness of the 
Great Plains aquifer system was assumed to be 
the same as the thickness of the rocks that 
contain the aquifer, except in the area where a 
map of water-level altitudes and freshwater 
equivalent heads indicated that the water table 
was below the top of these rocks. In this area the 
saturated thickness was estimated by reducing 
the rock thickness by the amount the water table 
was below the top of these rocks. Saturated 
thickness of the Great Plains aquifer system was 
determined from unpublished maps on file with 
the U.S. Geological Survey (Lawrence, Kansas). 
For the Great Plains aquifer system, a chemical- 
quality map by Keene and Bayne (1977) was 
used to delineate the areas with more than 1,000 
mg/L dissolved solids. In parts of the Great 
Plains aquifer system the water quality 
decreases with depth, especially where it is 
directly underlain by Permian rocks (Keene and 
Bayne, 1977; H.E. McGovern, U.S. Geological 
Survey, written commun., 1987). Not enough is 
known about the occurrence of this poorer 
quality water in the Great Plains aquifer system 
to exclude those parts of the aquifer that contain

water with dissolved-solids concentrations 
greater than 1,000 mg/L at depth from the 
estimates of saturated thickness and freshwater 
storage made in this study.

Specific yield of the Great Plains aquifer 
system has been estimated as 0.1 in the 
Cimarron River basin (U.S. Geological Survey, 
1966) and between 0.03 and 0.2 by Keene and 
Bayne (1977). From the values estimated for the 
Cimarron Basin (0.1) and by Keene and Bayne 
(1977) for the unconfmed part of the aquifer (0.15 
to 0.2), an average value of 0.15 was chosen by 
this study for the specific yield of the sandstone 
in the Great Plains aquifer system. Not all of the 
Great Plains aquifer system is made up of 
sandstone; rather it includes large amounts of 
relatively impermeable materials (siltstone and 
shale). A map of percent sandstone was made, 
based on a map of sandstone thickness in Lower 
Cretaceous rocks (Keene and Bayne, 1977), and 
the thickness map of the Great Plains aquifer 
system (plate 2). Three zones were identified on 
the map and assigned average values of 100-, 66-, 
and 33-percent sandstone, respectively. The 
percentage of sandstone in each zone was 
multiplied by the average specific yield of the 
sandstone in the Great Plains aquifer system 
(0.15) to arrive at a specific yield that would be 
representative of the entire thickness of the 
Great Plains aquifer system in each zone. These 
zones (fig. 14) show that specific yield of the 
Great Plains aquifer system ranges from 0.05 to 
0.15 and averages 0.06. These results correspond 
well with previous estimates, even the average of 
0.06 corresponds well with Keene and Bayne's 
(1977) estimate of 0.03 to 0.05 for the confined 
part of the aquifer.

The mean annual rate of potential natural 
recharge to the Great Plains aquifer system 
ranges from less than 1 inch per year in western 
Kansas to about 4 inches per year in north- 
central Kansas (plate 4) and averages about 2.48 
inches a year. The volume of potential natural 
recharge to the Great Plains aquifer system was 
estimated to be 323,000 acre-feet per year, or less 
than 1 percent of freshwater storage (table 2). 
Counties in central and north-central Kansas 
have larger amounts of natural recharge (fig. 
13B) because of a combination of greater rates of 
potential natural recharge and larger areas of 
natural recharge than found in other counties 
(plate 4).
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Ozark Aquifer

Freshwater in storage in the Ozark aquifer 
was estimated to be 26,100,000 acre-feet (table 
2). This is about four times larger than the 
6,000,000 acre-feet of potable water estimated by 
Hambleton (1984) to be in the Arbuckle Group. 
Freshwater storage in the Ozark aquifer 
increases to the south (fig. 8B) because the area 
underlain by the aquifer in each county also 
increases to the south (fig. 8A).

Saturated thickness of the Ozark aquifer 
ranges from less than 1,000 feet to more than 
1,400 feet (plate 2). The same method used to 
estimate the saturated thickness of the Great 
Plains aquifer system was used to estimate the 
saturated thickness of the Ozark aquifer. The 
maps used to estimate the saturated thickness 
are also unpublished maps on file with the U.S. 
Geological Survey (Lawrence, Kansas). The area 
of the Ozark aquifer with dissolved-solids 
concentrations less than 1,000 mg/L was based 
on a report by Jorgensen and others (1986). In 
parts of the Ozark aquifer, the water quality 
decreases with depth (Macfarlane and others, 
1981). Not enough is known about the 
occurrence of this poorer quality water in the 
Ozark aquifer to exclude those parts of the 
aquifer that contain water with dissolved-solids 
concentrations greater than 1,000 mg/L at depth 
from the estimates of saturated thickness and 
freshwater storage made in this study.

For carbonate rocks, such as those that make 
up the Ozark aquifer, much of the porosity, and 
therefore, the specific yield, is dependent on 
unpredictable fractures and solution openings. 
In these instances, porosity is the best available 
approximation for specific yield. The average 
porosity of the rocks in the Ozark aquifer in 
southeastern Kansas was estimated to be 5 
percent; therefore, a specific yield of 0.05 was 
chosen for the Ozark aquifer. No natural 
recharge to the Ozark aquifer was considered to 
be taking place in Kansas because the aquifer 
does not directly underlie the soil at land surface 
anywhere in the State.

SUMMARY AND CONCLUSIONS

The principal aquifers in Kansas are defined 
in this report as (1) alluvial aquifers, (2) glacial-

drift aquifers, (3) the High Plains aquifer, (4) the 
Great Plains aquifer system, and (5) the Ozark 
aquifer. The aquifers in alluvial and glacial- 
drift deposits and the High Plains aquifer consist 
of unconsolidated, and usually unconfined, 
deposits of sand, gravel, silt, and clay. The Great 
Plains aquifer system and the Ozark aquifer are 
in consolidated rocks that usually occur in 
confined conditions.

Freshwater in storage that is available for 
use in each aquifer is defined as the volume of 
water with a dissolved-solids concentration less 
than 1,000 mg/L. Freshwater in storage was 
estimated by multiplying the extent of the 
aquifer where it is saturated with freshwater by 
the aquifer's saturated thickness and then 
multiplying this by the specific yield.

Potential natural recharge is defined as the 
amount of water from precipitation that 
infiltrates across the water table to the saturated 
zone. Potential natural recharge was estimated 
by multiplying the area of the aquifer where it 
has some saturated thickness that directly 
underlies the soil at land surface by the rate of 
potential natural recharge. The rate of potential 
natural recharge was estimated by a computer 
model from land-use, soil, and climatic data.

Freshwater in storage in all the principal 
aquifers in Kansas is estimated by this study to 
be 590,000,000 acre-feet. Freshwater in storage 
is estimated to be about 292,000,000 acre-feet in 
the aquifers in unconsolidated deposits and 
about 297,000,000 acre-feet in the aquifers in 
consolidated rocks. Most of the freshwater in 
storage is in western Kansas, and much of that is 
in the High Plains aquifer and Great Plains 
aquifer system.

Potential natural recharge to the principal 
aquifers in Kansas is about 3,990,000 acre-feet 
per year. Potential natural recharge is 
estimated to be 3,660,000 acre-feet per year to 
the aquifers in unconsolidated deposits and 
about 323,000 acre-feet per year to the Great 
Plains aquifer system. Although the volume of 
recharge appears evenly distributed across the 
State, this is due to greater rates with small 
areas of recharge in eastern Kansas and lesser 
rates with large areas of recharge in western 
Kansas.
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Freshwater in storage in the alluvial 
aquifers is estimated to be 12,700,000 acre-feet. 
Saturated thickness ranges from near zero to 
more than 120 feet. Specific yield ranges from 
0.1 to 0.2 and averages 0.16. Potential natural 
recharge to the alluvial aquifers is estimated to 
be 1,470,000 acre-feet per year.

The glacial-drift aquifers are estimated to 
have 12,400,000 acre-feet of freshwater in 
storage. Saturated thickness of the aquifers in 
glacial deposits ranges from near zero to more 
than 320 feet. Specific yield of the glacial-drift 
aquifers is estimated to be 0.15. Potential 
natural recharge to the aquifers in glacial-drift 
deposits is about 663,000 acre-feet.

About 267,000,000 acre-feet of freshwater 
are estimated to be in storage in the High Plains 
aquifer. The saturated thickness of this aquifer 
ranges from near zero to more than 560 feet. 
Specific yield ranges from 0.05 to 0.2 and 
averages 0.15. Potential natural recharge is 
estimated to be 1,530,000 acre-feet per year to 
the High Plains aquifer.

Freshwater in storage in the Great Plains 
aquifer system is estimated to be 271,000,000 
acre-feet. Saturated thickness of the Great 
Plains aquifer system ranges from near zero to 
more than 800 feet. Specific yield ranges from 
0.05 to 0.15 and averages 0.06. About 323,000 
acre-feet per year is the estimate of potential 
natural recharge to the Great Plains aquifer 
system.

There are about 26,100,000 acre-feet of 
freshwater in storage in the Ozark aquifer. 
Saturated thickness of this aquifer ranges from 
less than 1,000 to more than 1,400 feet. Specific 
yield is estimated to be 0.05 for the Ozark 
aquifer. There is no natural recharge to the 
Ozark aquifer in Kansas because it does not 
directly underlie the soil at land surface 
anywhere in the State.

The estimate made by this study of 
freshwater in storage in all the principal 
aquifers in Kansas is more than one-third larger 
than estimates made by previous investigators. 
Estimates for the aquifers in unconsolidated 
deposits are about the same, but estimates for 
the aquifers in consolidated rocks were several

times larger. Most of the increased estimates for 
both unconsolidated and consolidated aquifers 
probably are due to differences in methods of 
estimating saturated thickness; other 
investigators may have tried to estimate 
effective thickness or may have excluded the 
deeper parts of the aquifers that may contain 
poorer quality water. Also, the extent of Great 
Plains aquifer system used in this study may be 
larger t lan the extent considered in previous 
investigations.

Estimates of potential natural recharge 
made by this study tend to be somewhat larger 
than those made by previous studies, especially 
for western Kansas. The actual rate of natural 
recharge may be somewhere between previous 
estimates and the ones made by this study.
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SUPPLEMENTAL INFORMATION

The tables presented in this section were 
compiled as a part of this study for the Kansas 
Water Office. The State of Kansas was divided 
into 12 major river basins (fig. 15) by the Kansas 
Water Office. The boundaries of the river basins 
were chosen to coincide in most places with 
boundaries shown on the hydrologic unit map of

Kansas (U.S. Geological Survey, 1976). The 12 
river basins were separated into those areas that 
belong to each of the 105 counties in the State. In 
each of these smaller areas, freshwater storage 
and potential natural recharge were estimated 
for each of the five principal aquifers. Aggregate 
totals of freshwater storage and potential 
natural recharge for each river basin, county, 
and aquifer also were estimated.
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